This work demonstrates the amorphous Si (a-Si) /crystalline Si (c-Si) heterojunction solar cells by using ion implantation. First, we use B and BF 2 ion implantation with 7 0 -tilt angle to form emitter layer. Furthermore, we compare 7 0 -tilt angle and 60 0 -tilt angle BF 2 ion implantation to form emitter layers. From the results, the fluorine of BF 2 can passivate a-Si emitter layer, and high 60 0 -tilt angle ion implantation can form shallower junction of solar cell. The emitter layer formed by BF 2 60 0 -tilt angle ion implantation a-Si/c-Si heterojunction solar cell achieves the highest Jsc of 36.85 mA/cm 2 and the conversion efficiency of 14.41%.
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Introduction
Currently, the high conversion efficiency a-Si/c-Si heterojunction silicon solar cells based on n-type substrate were presented by HMI [1] and Sanyo [2] . It provides alternative way to fabricate high efficiency and low cost Si solar cells. The conventional emitter layer of solar cell is formed by furnace diffusion. However, diffusion process can not easily control the doping concentration and junction depth. On the other hand, the precise concentration and junction depth can be easily control independently by ion implantation process [3] . For high efficiency solar cell, the defect density should be highly reduced. There are some passivation methods are used to reduce defect density in a-Si/c-Si heterojunction, such as amorphous SiO:H [4] and fluorine [5] . In this study, we present a novel fluorine passivation by BF 2 ion implantation on a-Si/c-Si interface to reduce the defect density of solar cell. Furthermore, shallow junction is indeed for high efficiency solar cell. Thus, we use high 60 0 -tilt angle BF 2 ion implantation to form the a-Si/c-Si heterojunction solar cells.
Experimental
The a-Si/c-Si heterojunction solar cells were based on a 6-inch n-type CZ Si wafer (0.5-4 Ωcm, 625 μm, <100> oriented). , respectively. Activation was done at 1050 0 C for 10 second. Then, 1-μm-thick AlSiCu was deposited as the back contact electrode. Then, we passivate the cell by forming gas annealing at 300 0 C for 30 min. The 80-nm-thick ITO was deposited as anti-reflection coating layer. Finally, 500-nm-thick Al was evaporated by E-gun as front contact electrode. The schematic structure of p + nn + a-Si/c-Si heterojunction solar cell is shown in Fig. 1 .
Results and Discussion
The J-V characteristics are measured under AM 1.5 (100 mW/cm 2 and 25℃) by Newport Sol3A. The J-V curves and parameters' table for emitter layer doping by B and BF 2 are shown in Fig.2 . The Jsc and Voc both are improved for BF 2 device. -tilt device can be explained that the carrier's collection rate is enhanced near the front surface of cell due to the shallower junction. The external quantum efficiency (EQE) characteristics were shown in Fig. 6 . The 60 0 -tilt BF 2 device has a highest value in the short wavelength region (300 nm ~ 700 nm). This increased short wavelength response can be attributed to the fluorine passivation and better shallow junction, resulting in higher Jsc and efficiency.
Conclusions
In this study, we have investigated the effect of B and BF 2 ion implantation to form emitter layers of a-Si/c-Si heterojunction silicon solar cells. The Jsc and Voc are improved for BF 2 cell. The 60 0 tilt BF 2 ion implantation cell has highest Jsc of 36.85 mA/cm 2 and the conversion efficiency of 14.41% due to the better shallow junction and fluorine passivation. 
